. Claudin-1 localization in normal human liver. Representative images of claudin-1 costained with markers specific for apical (CD10) or basolateral (cytokeratin 8) membranes. Heterogeneous patterns of claudin-1 at apical and basolateral membranes were observed. Magnified volumetric images (white box) prepared using Imaris software demonstrate claudin-1 localization around CD10, in keeping with a pericanalicular tight junction distribution. Application of low and high fluorescent intensity thresholds discriminates apical tight junction-associated (silver) and basolateral (yellow) pools of claudin-1. Nuclei were stained with DAPI (blue) and the scale bar represents 10 lm.
Heterogeneous Claudin-1 Expression in Human Liver
To the Editor:
We congratulate Mensa et al. 1 on their report studying the expression of hepatitis C virus (HCV) receptors claudin-1 and occludin after liver transplantation and their influence on early viral kinetics. The authors provide a unique insight into the potential role receptor expression levels play in modulating early phase viral kinetics. They observed an association between HCV recurrence and hepatocellular claudin-1 and occludin expression levels expression during the first week post liver transplant. The authors confirm the results of previous reports showing increased claudin-1 expression in HCV-infected liver.
2,3 However, Mensa et al. conclude that claudin-1 is solely located at the apical pole of hepatocytes, in contrast to reports by Reynolds et al. and Zadori et al. 2, 3 We agree that claudin-1 is predominantly expressed at the apical membrane of hepatocytes in normal liver; however, a minor pool of claudin-1 is observed at the basolateral membrane ( Fig. 1) . Basolateral expressed claudin-1 is more easily discerned when the liver section is co-stained with a marker for the hepatocellular membrane such as cytokeratin 8 (Fig. 1B) , enabling one to observe heterogeneous patterns of localization across the liver parenchyma. The discrepancies between these studies are most likely explained by the imaging technique and analytical software employed. Spectral imaging of liver sections enables the accurate quantification of bound fluorescent antibody irrespective of signal intensity. However, volumetric imaging of claudin-1 at areas of high (apical) and low (basolateral) expression requires multiple threshold values (Fig. 1) Reply:
We appreciate the observations made by Harris et al. regarding the differences in claudin-1 expression in human liver between the report by Reynolds et al. 1 and our work. 2 The main objective of our study was to assess the potential changes in tight junction proteins claudin-1 and occludin following hepatitis C virus (HCV) graft infection. We observed an increased expression of claudin-1 and occludin over time in HCV-infected patients. The increase in claudin-1 was particularly significant in individuals with cholestatic hepatitis. It is important to notice that when we applied very low threshold values to create a surface for quantification, it was almost impossible to discriminate basolateral claudin-1 staining from either unspecific staining or tissue autofluorescence. More restrictive thresholding guarantees the quantification of specific signal, although it should be noted that this is at the expense of decreased sensitivity. Thus, it is a possibility that we may have underestimated claudin-1 expression in the basolateral membrane because we quantified fluorescence intensity using a single threshold value.
The detection of minor pools of basolateral claudin-1 is an interesting finding. Further studies are required to investigate the role of nonjunctional claudin-1 in HCV entry and the physiopathological consequences of increased levels of claudin-1 expression in HCV disease progression. Harrington et al. discuss the clinical relevance of detectable, but not quantifiable, hepatitis C viral (HCV) RNA during treatment with the two recently approved direct-acting antivirals (DAAs), boceprevir and telaprevir. 1 The clinical trials used to assess the efficacy of these new DAAs were not designed to assess response-guided therapy using the less than lower limit of quantification [LLOQ] cutoff. However, a viremia below the LLOQ, but with detectable amounts of virus, clearly indicates that peripheral clearance has not occurred and, by implication, that replicating virus is still present in the liver. The endpoint for the LLOQ for most clinical trials is 25 IU/mL (1.39 log 10 ). The reduction in the sustained virological response (SVR) rate between those patients that have a viremia less than the LLOQ and those that have no detectable viremia clearly indicates that lack of peripheral suppression is still a good surrogate for persistence. No assay currently available detects HCV down to a level of 0.001 IU/mL, as outlined in Figure 1 of Harrington et al.
